The medical thermal images provide information about human body physiology. The images are analysed using regions of interest (ROI), which in human body are characterized of having a complex shape, differing slightly within subjects. Those differences such as size and position over time between different examinations affect an accurate analysis. A standardised method is needed to address comparison or average of several images. The proposed method is based in a geometrical template using triangles and barycentric coordinates. Despite an accuracy of 98% within the studied images, further research is needed in the automatic discovery of control points of the ROIs.
Introduction
Since 1956 infrared imaging is used in medicine, it consists in an imaging method of capturing human body skin surface thermal radiation providing real-time physiologic information about peripheral microcirculation and autonomous nervous system [1, 2] . In order to improve the validity of standard examinations, capture protocols have been proposed [2, 3, 4] for subject, lab and equipment preparation as in the manner of conducting the exam. A set of 24 anatomical ROI were proposed enforcing their repeatability and data consistency, improving the screening method [4, 5] .
Because even having a similar shape, the different human body ROIs differs according to the subject, especially in size, and when performing an examination of consecutive images, it is difficult to keep the subject remain still at the same position during the capture. Thus the images need to be standardised to allow an accelerated and accurate analysis.
Several studies were conducted in thermal medical images to assess the effect of image enhancement [6] , object outlining [7] and interpolation methods [8] for image segmentation and registration. From them it was concluded that the most suitable method of image enhancement was the homomorphic filter to aid the objects boundaries discovery through the template or probabilistic based methods [7] , any other kind of application of noise removal techniques should be avoided [6] . However the same study concluded that none of the outlining methods was by itself enough to delineate automatically the ROIs, thus an extra post-processing was needed. The most adequate interpolation method to be used in reconstruction of medical thermal images is the Nearest Neighbour [8] , which by the nature of the images, affects less the original measurements.
The literature existing methods for reconstructing an image from another based in a template (warping) [9] are: triangulation (fast), field-based points (based in vectors, needs a modified weighting function and may provoke ghosts and singularities at crossovers), free-form deformation (high degree of polynomials and control points in a grid that can be very complex to implement) and multi-pass spline (uses a mesh of control points, being very efficient but has a laborious specifications and the splines cannot cross).
The aim of this study is to present and demonstrate a new method of standardising ROIs of regional views of medical thermal images through using geometrical templates delimitated by control points, operating the pixels translation with a computationally simple warping transformation, with high accuracy and repeatability.
Methodology
The thermal images of the regional views of the human body were captured according to the Glamorgan protocol [3] by FLIR A40 thermal camera, which has a resolution of 320x240 pixels, accuracy of ± 2°C and bias of 0.1°C, the room temperature was of 22ºC and all subjects had been exposed to a 15 minutes acclimatization before examination. After capture, the images were stored on a database with aid of the CTHERM (thermal image capture and analysis software package) [10] .
The triangle is the simplest shape that can be represented in image processing. Triangular based interpolation has the advantage of preserving the geometry of the lines that are combined [11] , having a similar effect to the Nearest Neighbour method. The developed geometrical models based in triangulation and are presented in the Fig. 1 .
Barycentric coordinates were revealed in 1827, by a German Mathematician August Möbius, it consists on for each inner point of a polygon with a certain number of vertices it will have correspondence to other inner point of a polygon with the same number of vertices [12] , being its barycentric coordinates the distance from the point to the vertices and its sum equal to 1 (Fig. 2) . The normalized barycentric coordinates have as properties: linearity, positivity and follow the Lagrange property [13] . They can be applied to linear interpolation of data. This approach uses barycentric coordinates to make the correspondence between pixels of the original and resultant image of the transformation. Barycentric coordinates are coordinates based on the weights (distance) from the vertices of a triangle.
Fig. 1. The geometrical human body ROIs models using triangulation.
An application was developed in C# programming language to load thermal images and showing an overlay anatomical model of the local view with correspondent adjustable anatomical control points (Fig. 3) . Those points can be adjusted to the object on the scene and when the user selects the warping option, the transformation operation starts. It creates concurrently the regions of each ROI and the triangles that constitute the base of the control point's positions. It is a fix number of control points based models that can be dynamically adjusted. The resultant models are static and well defined. There is maintained the correspondence of the control points through and array of Cartesian coordinates. Per each source region based on its pixels, a range of statistical values (mean, maximum, minimum, standard deviation, skewness and kurtosis) are calculated and later saved on a CSV (comma separated values) file. http://dx.doi.org/10.21611/qirt.2014.089 The creation of the warped image starts with reverse transformation calculation per each pixel of each target triangle, a Barycentric coordinate of that pixel is calculated according to the system shown on Fig. 4 . A Cartesian coordinate is required from the equivalent source triangle given a previously obtained Barycentric coordinate, the value of the pixel of that cartesian coordinate on the original image is copied to the resultant current pixel image, that original was completely formed by black pixels. The correspondence of the triangles is maintained through an array of triangles with their vertices coordinates. http://dx.doi.org/10.21611/qirt.2014.089
Results
From a total of 980 processed images, when measured back with CTHERM, a maximum of 2% difference of mean temperature and standard deviation was obtained comparing with the correspondent original recorded nonstandardised image. For a better understanding, an example of a converted image is presented on Fig. 6 . The statistical significance of the correspondence on the obtained values when performed a standard t-test for means comparison was p < 0.01 after verifying a normal distribution through the K-S test. An example of non-standardized images and standardized images in shown on Fig. 7 , where it can be visualised the importance of standardising images to a template shape in order to compare them and perform accurate analysis.
The time to process a standardised image, after adjusting the control points, was 1.72 ± 0.5 seconds. A statistical test of ICC using SPSS was performed in the two groups of 980 images before and after standardization in two runs of manual designed ROIs for non-standardised images and two runs of standardized images using the approach presented in this study. The values are shown on table 1.
According to the obtained values from the statistical analysis, it can be concluded that the standardized ROIs data is more reliable and consistent than the non-standardized, enhancing repeatability. For assessing the program operator error, 12 different users used the developed application, and an error inferior to 1% was obtained, with statistical evidence of user results independence (chi-square test, p<0.01). http://dx.doi.org/10.21611/qirt.2014.089 
Discussion
The current approach using templates of ROIs warp models when compared with the usage of other warp methods [8] produces equivalent results, presenting minimal processing time and complexity. This approach is valid for models that are similar to the masks used to position the subject, the camera distance from the target and for scaling transformations that do not exceed 10%, according to the obtained results. When these conditions are not verified, the error will increase exponentially, therefore decreasing the applicability of the method.
This method is suitable for all regional views of the human body and can be used to other medical imaging modalities as well. The outcomes are of great importance for projects involving reference databases [4] and to have layers of different modalities of the same anatomical area. The negative aspect of this approach is that the time consuming in adjusting the overlay control points to the correct location, which as to be performed manually. The described solution or similar may be included in future developments of medical thermal imaging analysis software packages enhancing the standardisation of the analysis.
Conclusion
The proposed method is fast, computationally cheap and accurate, allowing careful analysis and repeatability of all ROIs of regional views of the human body. Comparison and averaging of images is possible after standardizing the images. An initial guess or automatic discovery of the anatomical control points that delimit the ROIs models using intelligent methods of contour following is suggested as further investigation for improving this proposal.
This approach enables the standardization of medical thermal images from different ROIs of the human body, which when stored in a database in a large number can become an important medical reference for either healthy and pathological situations, allowing image operations such as comparison, averaging or subtraction.
